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Abstract: We construct an action for unstable M3-brane in M-theory. We argue that in 
order to find M3-brane action that upon direct dimensional reduction leads to non-BPS 
D3-brane action in type IIA theory we have to presume that the background possesses 
Killing isometry and that this isometry has to be gauged on the world-volume of M3- 
brane. Then we construct singular tachyon kink on world-volume of M3-brane and we 
show that the dynamics of resulting topological defect is governed by an action that upon 
direct dimensional reduction leads to D2-brane in type IIA theory and that is equivalent 
to standard M2-brane action in flat background. 
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1. Introduction 



Study of unstable systems is an important direction in string theory research, for review 
and extensive list of references, see ^. In the context of two superstring theories, type 
IIA and type IIB, we have two unstable systems: The first one is system that consists 
Dp-brane and anti-Dp-brane pair with p is odd(even) in type IIA(type IIB) theory. The 
second one is a single unstable Dp-brane where now p is even(odd) in type IIA(type IIB) 
theory. 

These systems have rich and interesting dynamics. In particular, it is well known that 
the tachyon condensation on these objects leads to an emergence either stable Dp-branes 
or fundamental strings. Further, it is remarkable fact that many these phenomena can be 
described in the language of tachyon effective action ^. 

On the other hand it is well known that all stable D-branes, fundamental strings and 
other extended objects in string theories arise through dimensional reductions from M2 and 
M5-branes in M-theory ^. Then it is natural to ask the question whether it is possible to 
formulate tachyon effective actions for M-theory unstable objects that could be interpreted 
as pre-images of unstable D-branes in super string theories. An existence of such objects 



was predicted in very interesting papers |55| and [31, 62]. We will not try to construct 
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^For some works considering effective action description of an unstable systems, see 

2|, H n, n, §, leHi n, n, 13, g, n, 0, 

32, 31]. 
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"For review and extensive list of earlier papers, see [p2| 
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actions for all unstable systems discussed in this paper. We rather restrict ourselves to 
the case of an unstable M3-brane that can be directly related to M2-brane. In fact, it was 
argued in |^] that the main property of this M3-brane is that the tachyon kink solution on 
the world- volume of M3-brane should lead to an emergence of M2-brane. Then motivated 
by success of the effective action description of the tachyon kink configuration ^, IC] we 
try to formulate M3-brane effective action that through the tachyon kink solution leads to 
an action for stable M2-brane ^. 

However we will see that there are some subtleties with construction of an action for 
such an object. More concretely, we would like to find M3-brane effective action that has 
two following properties: 1. The singular tachyon kink condensation leads to an emergence 
of M2-brane action 2: The dimensional reduction of M3-brane action leads to an unstable 
D3-brane action in type IIA theory. Unfortunately it turns out that we are not able to 
obey these two conditions simultaneously. More precisely, in the next section we formulate 
M3-brane effective action with the property that the singular tachyon kink condensation on 
its world-volume leads to ordinary M2-brane action. On the other hand, when we perform 
the dimensional reduction to type IIA theory background we derive the form of the action 
that is different from the tachyon effective action for unstable D3-brane that is clearly 
unsatisfactory property of given action. 

Then in order to find M3-brane action that reduces to non-BPS D3-brane action in 
type IIA theory we start our analysis in opposite direction. However it turns out that 
the construction of given M3-brane action demands an existence of isometry of M-theory 
supergravity background that has to be gauged on the world-volume of M3-brane action. 
Then it is clear that singular tachyon condensation on the world-volume of such a M3-brane 
leads to gauged version of M2-brane action. Then we study properties of this M2-brane 
action and we find that the direct dimensional reduction leads to D2-brane action. Finally 
we show that in flat background this action is equivalent to standard M2-brane action. 

The organization of this paper is as follows. In next section (|2|) we introduce the first 
form of M3-brane action and show that the singular tachyon kink leads to M2-brane action. 
Then in section we perform direct dimensional reduction in this action. In section we 
propose alternative form of M3-brane action that upon direct dimensional reduction leads 
to an unstable D3-brane action. We discuss its double dimensional reduction in section 
(D and argue that it leads to unstable NS2-brane. Then in section (|6|) we also construct 
tachyon kink solution on its world-volume and we argue that the dynamics of the kink is 
governed by gauged M2-brane action. We study properties of this action in section 
Finally in conclusion (p|) we outline our results and suggest their possible extension. 



2. Naive Form of Unstable M3-brane Action 

In this section we propose the first form of an unstable M3-brane action with the property 
that the singular tachyon kink on its world- volume corresponds to a stable M2-brane action 

^We are also motivated by recent progress in the study of effective action for A'^ M2-branes jH^, Q since 
we would like to see whether it is possible to find system of unstable M3-branes that through the kink 
tachyon condensation leads to the effective action for A*' M2-branes. 
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in general background. In fact, with analogy with unstable D3-brane in type IIA theory 
we propose the action for this unstable M3-brane in the form ^ 



S = - j A^(r)V-det A + J ViT)dTAC 



(2.1) 



where 



gMNduX^'d.X'' + d^Td^T , 



(2.2) 



and where , = 0, . . . , 3 label world-volume coordinates of M3-brane. Further, V{T) 
is the tachyon potential that is even function of T with the property that V{T = ±00) = 
and V{T = 0) = tms, where tms is M3-brane tension. 

Let us now consider tachyon kink solution on the world- volume of the action (p.lj). 
To do this we closely follow similar analysis performed in case of unstable Dp-branes in 
general background ^, 10 1. We start with the ansatz for world- volume modes 

T = f{a{e-t{e))), 



X 



M 



(2.3) 



where ^",a, /? = 0,1,2 are coordinates tangential to the world-volume of the kink. The 
function / introduced in ( p. 3]) satisfies 

(2.4) 



fi-u) = -f{u) , f{u) > Vn , /(oo) = 00 



but is otherwise an arbitrary function of the argument u. a is a constant that we shall take 
to 00 in the end. In this limit we have T = 00 for .^^ > and T = —00 for < 0. 



The first goal of our analysis is to shown that the action (2.1) evaluated on the ansatz 
|2.3| ) leads to the standard M2-brane action in general background 

S 



Sm2 + Swz , 
Sm2 = -Tm2 j d^CV- det a , 

Swz = -^Tm2 j d'Ce^^^C, 



af3"/ 



Mi 



(2.5) 



that implies following equations of motion for x*^ 

2 6xK " ^ 



)^"V^d^ + 



gKMdpx^ {a V-deta 



+ Jk = 



(2.6) 



*We use following conventions for hats. Hats on target space fields indicate they are 11-dimensional. 
Absence of hats indicates they are 10-dimensional. Further, capital M,N, . . . label 11-dimensional indices, 
m, n label 10-dimensional indices. 
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where Jk = j^Sy/z and where for letter purposes we introduced the symmetric and 
antisymmetric form of the matrix (a~^) 

^--rf = \ [{--'T' + > (--^)? = \ [{--Y - • (2-7) 



As the first step we insert the ansatz ( |2.3| ) to the matrix A and we obtain 
A,3 = -a^f'^d^t , As^ = -a^f'^dpt , A33 = 



and consequently 



(2.8) 

det A = a det ac,/3 (2.9) 



and 



T = Jfa+d.ti--Yd,t , (A-)"^ = (a-)-, 



(2.10) 



Then with the help of ( |2.9| ) we obtain that the action (^j) evaluated on the ansatz (| 
reduces into action (12. 51) in the limit a — > cxd 



a/37 



Sm3 = - j dfd^Caf'VV-deta +^ j dfaf'Vd^Ce'^'^^C, 
= -Tm2 J d^eV-deta + TA/a j C , 

(2.11) 

where we make standard presumption that 

Tm2 = [ dxaf\ax)V{f{ax)) = [ duV{u) . (2.12) 



As the next step we show that the equations of motion for T and X are obeyed for the 
ansatz ( p.3| ) on condition that the modes x'^'^ obey the equations of motion ( |2.6D . In fact, 
it is easy to determine from ( |2.1j ) the equation of motion for T 

- V'{T)V-detA + df, \viT)duT (A^^) J V-detAl + = , (2.13) 

where Jt = jj^Swz is the source current derived from varying the Wess-Zumino term. 
Now using Afj^i, (A"-^)^'' = Sft we obtain 

A33 (A-^)^^ + A3a {A-Y^ = 5t;^ 

(2.14) 
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and consequently 

- y'(r)V-det A + a^ \v{T)duT ( A'^) J V- det A 
= -y'(r)a/V-deta + a^ fl/(r)aV^((A-i)^^ - 5„t (A"!) J^)V- det a 



(2.15) 



for any t. In fact, it can be also easily shown that the tachyon current Jt is zero. In other 
words the tachyon equation of motion is obeyed for any t. 

Let us now turn to the equations of motion for the scalar modes that arise from 
the action (2.1) 



2 ^ ^ 



+ VgKMduX^' V- det A 



+ Jk = 



(2.16) 



where Jk 



5Sv 



5XK 



Inserting the ansatz (2^) to the equations above we obtain 
- -V af —^df^x'"' dfix'^ (a V-deta + 



+ Vafda_ gKMdpx^'^ {a ^)^"\/-deta 



+ Jk 



af'V[e.o.m.§^] = 



(2.17) 



using the fact that 



daiaVf] = -d3[aVf]do,t 



(2.18) 



and also 



Jk = -F(r)e^i-^45^,r 



6C, 



6x^ 



-V^(/)a/'e"^^^ = af'VJK 



(2.19) 



Let us outline our result. We derived that the dynamics of the tachyon kink is governed 
by the equations of motion ( |2.6| ). In other words we shown that the tachyon kink on the 
world-volume of M3-brane corresponds to stable M2-brane. This is very nice result and 
in some sense supports the proposal that ( p.l| ) correctly describes unstable M3-brane. On 
the other hand as we show below dimensional reduction of this M3-brane does not lead to 
the correct form of an unstable D3-brane action. 



3. Dimensional Reduction 

In this section we test the properties of M3-brane action ( ^.1| ) further when we study the 
direct dimensional reduction of given action. To do this we will presume that D = 11 
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background has a {/(I) isometry with Killing vector field k , such that Lie derivative of 
all target space fields with respect to k vanish: 

C-%gMN = C,%Cmnk = . (3.1) 

In adapted coordinates = {x"\ z) for which k = , k^ = 6^ we can write the D=ll 
bosonic fields as 

gmn = e-ygmn + el'^C^^Ci'^ , 

(3.2) 

where we have NSi^NS fields {(j),gmn,Bmn) and R®R fields (C'm^ C'^^^)- For this ansatz 
we obtain 



+ et^a^X-C« - 5^Z)(5,X"C« - d,Z) = 

= e-^gmnd^X^d.X'' + e's%Td,T + e'^^Y^Y,] = 

= e-¥g,,[5i + e't>{g-'Y''Y,Y^], 

(3.3) 

where we defined 

Qt,u = gmndf^X^d^X^ + ei%Td,T , Y^ = d^X^'C^'^ - d^Z . (3.4) 
As the next step we use the fact that 

det(g^, + e^%Y,) = det g{l + e^^ {0-^'^ Y^Y,) 

(3.5) 

and introduce an auxiliary variable v so that 

- J d^^FV-detA d'^^{W^ det A-v) = 

= i / dH{- detg + — det GY (g-^) Y - v) . 

2 J V V 

(3.6) 

Further we interpret Y as one form on the world- volume of M3-brane so that dZ = C^^^—Y. 
Then using the fact that d'^Z = we obtain 

d{C^^^ -Y) = . 

(3.7) 
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We can consider Y as an independent field when we add to the action an expression 

d'^^F A V{T)dT A (C7(^) - Y) , (3.8) 



where F = dA and where A is one-form on the world-volume of M3-brane. Then it is easy 
to see that the variation of (|3.8|) with respect to A implies (^) 

6 



5A 



[- J d^^F A dT A (C7(i) -Y)] = - J d^^dAdT A d{C^^^ -Y)=0 

(3.9) 



using the fact that d{V{T)dT) = V'dT A dT = 0. As the next step we use (|3J) together 
with the definition of Y given in ( p.4| ) to write WZ term as 

Swz = -J^j d'CViT)e^^^-^^d^,TC^,...^, = 

+ 3i?„„a^,x-a^3X"c«] + 



+ ly d^ie>'^->'W{T)d^,TBmnd^,X^d^,X^Y^, 



Finally we integrate out Y from the action and we obtain 

Y — !^ c f^^^^^^^2^i3( p id ]f) T 



that we insert back to the action and we obtain 



(3.10) 



(3.11) 



V det Q 



We can derive an alternative form of the action if we integrate v from ( |3.12| ) and hence 
S = - J d^^e-*l/^-e^^2A^«M4(B + F)^,^3 5^,rg^,e--2-3<^4(5 + F),,,,d,,T - 

(3.13) 

We see that the resulting action is different from the standard unstable D3-brane action 
and hence it seems to us that the naive form of the action {2A) is not the correct one that 
should correspond to M3-brane action. For that reason we suggest an alternative M3-brane 
action with the main property that its dimensional reduction leads to effective action for 
an unstable D3-brane. 



(3.12) 
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4. Proposal for Non-BPS M3-brane 



In order to construct M3-brane action whose direct dimensional reduction leads to D3-brane 
action in type IIA theory we proceed in a similar way as in the case of the construction of 
the massive M-theory KK-monopole action |56]. Following this paper we consider the tar- 
get space background corresponding to 11-dimensional supergravity with the field content 
{qmn :Cmnk) and that has an isometry generated by a Killing vector {X) such that 
the Lie derivative of all target space fields with respect to k^^ vanish 

^^^ = ^^5 = 0. (4.1) 

we propose DBI and WZ parts of M3-brane effective action 



Then, with analogy with 
in the form 



and 



Sdbi = - j A^(r)|^|5V-detA 



Swz 



(4.2) 



(4.3) 



where 



P 



1 



k'^k'^gMN, P 



MN 



d^,X 



M 



A^k 



M 



A, 



-l-daX^kM 



d Cj^"^^ -d Lj(2) +d Qj^^'> + 
+ -^^CkmnD^^X^ D^^^X^^ D^j^^X'^ + —^Afj_.^{dfj_.^b^ 



21 M2 \'~'^^z ^fj-i 



(4.4) 



and where, following [p6| we introduced non-propagating world-volume 2-form 6j that de- 
scribes tension of M3-brane. 

Let us now discuss the gauge symmetries of the actions (|4.2|) and (|4.3|) . It is easy to 
see that they are invariant under local isometry transformation labeled by a^^^ 



6X^' 
5k'' 
5k M 
5u)iiv 
5Cklm 



-a 



, 5gMN = -^^^^dKOMNk 



K 



-a^^^dKp'k 
a^°^dMk^kK 



K 



5\k\'^ = , 



5A, 



-a 



^''^k^'dNCKLM . 



(4.5) 
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Further, the action is invariant under local gauge transformation labeled by p^^^ 

sbf, = , 6x^^ = , dT = o, s:f^, = o. 

(4.6) 

Finally the WZ action is also invariant under the gauge transformation of two form 

Sdi^u = df,pl^^ - d^^pf^ . 

(4.7) 

Now we show that for the background (|3.2| ) the actions ( [4.2D , (|4.3| ) describe non-BPS D3- 



brane action in type IIA theory. In fact, when we use (3^) in (4^) we obtain 



2, 



A^ = -C^^d^X^ + d^Z , b^X'^ = d^X^, D^Z = \k\=e^-, 
A^. = e-l^mndf.X^'d.X^ + F^, + i?^„a^X™5,X" + d^Td.T] . 

(4.8) 

Then if we insert this result into the action ( [4. 21) we obtain 

S = - j d^ie-'f'V{T)^- det(5™„a^X™9,X- + F^, + + d^Td.T) (4.9) 

that is clearly the correct form of the D3-brane effective action. 

As the next step we perform dimensional reduction in case of WZ term (|4.3|) . In fact, 
using (O) we find 

Swz = I d^ci^(T)6'^-'^*5^,r[ic7i^i,a^,x-a^3X"a^,x^- 



(4.10) 



that is again correct form of the Wess-Zumino term for non-BPS D3-brane that now con- 
tains additional contribution from non-propagating two form cliu = —u^ltu + Z-^{d^B^ — 

In summary, we found the form of unstable M3-brane action that in natural way-upon 
direct dimensional reduction-leads to correct form of non-BPS D3-brane action. However 
it will be interesting to study this unstable M3-brane action further. In the next section 
we implement double dimensional reduction of given action and try to identify resulting 
object. 

5. Double Dimensional Reduction 

In this section we briefly discuss the double dimensional reduction of an unstable M3-brane, 



following |56|. For simplicity we restrict ourselves to the analysis of DBI part of the action 



only however its extension to WZ term is straightforward. 
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In order to perform the double dimensional reduction we have to introduce an extra 
isometry for the background that is generated by a Killing vector h and then wrap one 
direction of the M3-brane, around this new compact direction 

d^X^ = A*^ . (5.1) 

Generally we have two different isometrics: one is given by h that is a direction tangent to a 
world-volume and the other one is given by k in direction transverse to the world-volume. 
Then the action (4.2) will be invariant under both isometrics when Cjk = 0. In other 



words we can find a coordinate system adapted coordinates in both isometrics: 

In this double dimensional reduction the Killing vector k becomes after reduction the 
Killing vector associated to the isometry of the space transverse to the world-volume of an 
unstable M3-brane 

F = , ^™ = A:" . (5.3) 
We also use the following reduction rules for the background fields 



9mn 


— 6 ^'^ 9mn 




9my 


= -etc« 


1 9yy = 63 , 




krnn ' 


Cmny — -f^mn ) 


C)my 


— h^C' 

— ftj ^myn - 


— Cranyk = Bmnk = {ikB)m 



(5.4) 



For simplicity we restrict ourselves to the background with zero &rk^. Then we obtain 



k — e 'i'^k , k — 9mnk k 



(5.5) 



so that 



Further, we have 



Aa = ■^9«X™5„„A:" = Aa, is = . (5.6) 



Z>„1" = -Ao,k"' = D^X"" , D^X"" = , 

^a(3 ^ T^fi = dJOfi - dpb^ + d^X"'dpX^CilpkP 
DaY = , D3Y = 1 . 



(5.7) 
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Then we have 



A33 = et-^ , A,3 = -A3a = ^4'^ 



and hence 

det A^,, = det(A«/3 - A„3 (A^^)'^^ ^zp)^^?. = 



(5.8) 



so that DBI part of the action takes the form 



(5.9) 



(5.10) 

where 

V'{T) = / di^V{T) . (5.11) 

It is natural to interpret the double dimensional reduction of an unstable M3-brane as an 
unstable three-dimensional object in type IIA theory whose existence can be deduced as 
follows, type IIB theory contains non-BPS D2-brane with tension td2 = V^^^- Under 
S-duality rules given as 

9's = -, l's = 9l'% (5.12) 
9s 

D2-brane tension transforms as 

^ — = rNS2 , (5.13) 

where the resulting object can be interpreted as unstable NS2-brane. 

Let us now perform T-duality between type IIA and type IIB theories with T-duality 
rules for g'g, l'g,R' 

a'V ~ ~ 
~9s = ^-^, ls = l's, R=^, (5.14) 

where symbols with tilde correspond to type IIA theory while symbols with bar correspond 
to type IIB theory. Further we presume that T-duality circle is transverse to the world- 
volume of type IIA NS2-brane so that its tension transforms as 

1 R^/^ 
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However this agrees with the tension evaluated from the action ( ^.10 ) on condition that 



T-duahty circle with radius R coincides with the isometry direction that is transverse to 
3-brane in type IIA theory since then |A:|^/^ = ^^jr- 

In summary, the double dimensional reduction of the action ( ^.2\j leads to the three 
dimensional object that also naturally arises as a consequence of chains of dualities in type 
IIA and type IIB theories. We mean that this fact again supports our proposed form of 
M3-brane action (O). 



6. Tachyon Kink on M3-Brane 

We found in the previous section an action for unstable M3-brane action that reduces to 
non-BPS D3-brane action when we perform direct dimensional reduction. This is very 
attractive property of given action. However we would like also study the tachyon conden- 
sation on given M3-brane and identify the resulting object. 

To do this we closely follow analysis presented in section (|2|) so that we can be brief. 
We start with the ansatz 

T = f{aie-tin)), 

(6.1) 

where ^"^,0,/? = 0,1,2 are coordinates tangential to the world- volume of the kink. The 
function / introduced in ( |6.1D has the same properties as in ( p. 41) . 

The first goal of our analysis is to show that the actions ([4.2[) and (|4.3|) evaluated on 



the ansatz (6.1) leads to the following action 



Q _ QM2g qM2g 
'-' ~ "^DBI + ^WZ ' 



\k\ 



(6.2) 



/q/3 = dabp - disba + d^x dpX {i^C)MN , 

+ ^C^MNDaX^'D^x^'D^x'' + ^a^idib^ - d^hp) 



We will study properties of this action in the next section. Now we determine from ( p.2| ) 
the equations of motion for x^ 

_l( SJmn mq _ 

2 5x^ "^"^ 5x^\kf''^^ 



- 12 - 



+ 

+ da 



gxMdfBX^^ (a ^)^" V- det a 



+ 



+ Ji^ = , 



where Jk = 'sW^w^z ■ Further, the equations of motion for ha take the form 



da[{ar^f^ V-deta] + J„ = , J° 



M2g 



'7J • 



As the first step we insert the ansatz ( |6.1| ) to the matrix A and we get 

1 1 

\k\ \k\ 



1 



ia2/%t ,A33 = ia2/'2 

\k\ ' \k\ 



Then it is easy to see that 



2 fl2 



det A 



\k\ 



det a, 



and also 



_1N 33 



_n3/3 



■a/3 



— 1\ "^3 



Then if we insert ( |6.6| ) into (^]^) and take the hmit a — > oo we obtain 

Sm3 = -TMs J dfcf^af'VV^d^ = -Tm2 J d^CV^d^ 



where 



Tm2 = TM3 / dxaf'{ax)V{f{ax)) = tms / duV{u) 



(6.3) 



(6.4) 



(6.5) 
(6.6) 



(6.7) 



(6.8) 



(6.9) 



In the same way we can show that when we insert the ansatz (6.1) into (|4.3|) and take the 



hmit a ^ oo we derive the WZ part of the action given in (6.2). 

As the next step we show that the equations of motion for T and X are obeyed for the 
ansatz ( |6.l| ) on condition that the modes x*^ obey the equations of motion ( |6.3D . In fact, 
it is easy to determine from (|4.2| ) the equation of motion for T 



\k\W'{T)V-detA + ^d^ 



|ly(T)ia,T (A-i)7V-detA 

\k\ 



+ Jt = , (6.10) 
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where Jt = ^Sy/z is the source current derived from varying the WZ term (^^). Then, 
following the same analysis as in section (^) it can be easily shown that the tachyon equation 
of motion are satisfied for any t. 

Let us now turn to the equations of motion for the scalar modes X^^ that follow from 
the variation of (O) and (O) 



5\kY. 



5XM |fc|2 



0VgKMduX^' V-detA 



+ 



+ Jk = 



where Jk = ^x^' ^^^^^^^^S the ansatz ( |6.1[) to the equation ( 6.11 ) we obtain 



2 I 6x^ 



5x^' lfc|2 



1 



5x^ 



1 



+ 



\k\ 



+ aV'da 
= af'V[eq. of m.(|D] = 



+ Jk 



using the fact that 



Jk = -V{T)e^''■■■^'^^^,T 



6IC 



Sx 



K 



-ViM'e-P^'^-^ = af'VJK . 



(6.11) 



(6.12) 



(6.13) 



In other words the dynamics of the tachyon kink is governed by the equations of motion 

dU). 



As the final step we determine from (4^) and (|4.3| ) the equation of motion for 6^ 



|A:|ly4(A-i);;V-detA 



+ = , 



(6.14) 



where = -^Swz- After some manipulations we again find that they are obeyed by 



the ansatz ( |6.1[) on condition that ba obeys (6.4). In summary we have shown that the 
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dynamics of the tachyon kink on the world- volume of an unstable M3-brane is governed by 
the equations of motion that follow from the variation of the action (|6.2|). Since the form 
of this action is not well known let us now study its properties. 



7. Gauged M2-Brane Action 

In this section we review the main properties of gauged M2-brane action ( |6.2D . Firstly we 
show that its dimensional reduction leads to D2-brane action. Further, we demonstrate 
that the action ( |2.5D is equivalent to standard M2-brane action in flat background. 

We start with the question of dimensional reduction of the action (|2.5| ). We again 
presume that D = 11 background has a [/(I) isometry with Killing vector field k that in 
adapted coordinates x^^ = {x^,z) for which k = ,k^ = 5^ so that the background 
takes the form as in (|3.2| ) so that we obtain 

On 



(7.1) 



and hence the matrix a defined in ( |6.2| ) takes the form 

a„/3 = e-l't'[gmndaX"'dpx'' + f^p + BmndaX'^d^X^] . 

(7.2) 

Inserting this result into the action ( |6.2D we obtain 

Sdbi = -Tm2 j d'ie"^^-det{go^p + ho^p + Up) (7.3) 

that is the correct form of DBI action for D2-brane. In the same way we can show that 
the WZ term given in ( |6.2D takes the form 

x^- 



-\{Qo.hp - df,ba + B„,ndaX"'dpX^)C'i}^d^x'' + 

(7.4) 

This can be considered as the Wess-Zumino term for D2-brane when we introduce non- 
propagating world-volume two-form c^^^ as 

+ . (7.5) 



Finally we show that the action (2^) is equivalent to standard M2-brane action in the 
flat eleven dimensional space-time with qmn = Vmn ,Cmnk = 0. Using 50(10) rotation 
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symmetry of spatial part of target space-time we can take k^'^ = df^ so that = daX^^ 
so that 

D^X"" = daX"' ,m = 0,...,9 , DaX^^ = 0. (7.6) 
Then DBI part of M2-brane action takes the form 



Sdbi = -Tm2 J d^iyj- det(a„£™a^x«77„„ + fo^p) 



= -Tm2 J d^i^-d^t{dax^dpx^ri^n + ^B^Bp) + J S^e'^^^ B^fp^ . 

(7.7) 

Then if we integrate out ba from the equation above we obtain 

dc^e'^^Bp = (7.8) 

that can be solved as Ba = TM2daX^^ ■ Inserting this result to the action above and 
performing integration by parts we finally get 



S = -Tm2 j d^Cy- det dax^^dpx^ (7.9) 
that is standard M2-brane action in flat background. 

8. Conclusion 

Now we summarize our results. The initial goal was to find the action for unstable M3-brane 
that is related by direct dimensional reduction to an unstable D3-brane action and the sin- 
gular tachyon kink on its world-volume leads to stable M2-brane action. We argued that it 
is not possible to obey these two conditions simultaneously. Then we suggested alternative 
form of M3-brane effective action that however exists on condition that the supergravity 
background has Killing isometry that is gauged on the world-volume of M3-brane. We 
also shown that the tachyon kink solution on its world-volume leads to M2-brane action 
that is equivalent to the standard M2-brane action. This fact suggests that the proposed 
M3-brane action could be starting point for its non-abelian generalization. It would be also 
really interesting to perform the same procedure as in paper (Bof in this M3-brane action 



and try to find the relation with recent works |pq, 59]. 
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